This study investigated the changes in the flavonoid profile and antioxidant capacity of five olive cultivars after dry salting. The antioxidant activity was determined using ferric reducing ability power (FRAP), oxygen radical absorbance capacity (ORAC), and β-carotene bleaching assays. The results showed that the effects of dry salting on the analyzed parameters were significant (P<0.05). It caused a decrease in total flavonoids with a loss rate of 55%. The HPLC analysis of extracts revealed the presence of four flavonoids: rutin, luteolin-7-glucoside, cyanidin-3-glucoside and cyanidin-3-rutinoside. Among the studied cultivars, Azeradj was characterized by high levels of flavonoids. Concerning the antioxidant activity, diverging results were obtained using different antioxidant assays. Overall, the dry salting induced a reduction in the antioxidant activity with variable values depending on the cultivar. Among the used methods, high correlations were found between flavonoid contents and the FRAP assay.
INTRODUCTION
The olive tree (Olea europaea) is widely cultivated in many regions of the world where climatic conditions are as favorable as those prevailing in the Mediterranean countries. During the last decade, the evolution of the Algerian market concerning table olives was characterized by a production that has evolved in a fluctuating trend of one olive crop to another. Algeria's olive crop area was around 188,923 ha by 2011. The total table olive production was estimated to be 192,785 tons in 2011 be 192,785 tons in (ITAFV, 2011 . The olives cultivated in Algeria belong to a wide range of cultivars including Azeradj, Bouchouk, Aberkane and Atefah.
In recent years, particular attention has been focused on the specific olive polyphenols which constitute a complex mixture of flavonoid and nonflavonoid compounds. Romero et al. (2002a) identified the olive flavonoids as quercetin-3-O-rutinoside (rutin), luteolin-7-glucoside, quercetin-3-rhamnoside, cyanidin-3-glucoside and cyanidin-3-rutinoside. These substances contribute to the total antioxidant potential of the diet and thus may lower the risk of cancer and some chronic diseases. The flavonoids inhibit lipid peroxidation and exhibit various physiological activities, including antiinflammatory, anti-allergic, anti-carcinogenic, antihypertensive and anti-arthritic activities (Erlund, 2004) . Recently, Dhanya et al. (2014) demonstrated that quercetin and the aglycone of rutin are considered as dietary supplements with potential for the prevention and treatment of type 2 diabetes and to suppress oxidative stress-mediated damage in diabetic pathophysiology.
In a previous investigation, we have demonstrated that elaboration with dry salt significantly affects the ortho-diphenol profile of six black olive cultivars and the antioxidant capacity of the final product (Soufi et al., 2014) . In the current study, we aim to analyze another class of phenolics which are the flavonoids of five Algerian olive cultivars, in order to obtain a more accurate estimation of olive polyphenols. Total flavonoid contents were also determined to establish a relationship between these classes of compounds and the antioxidant activity of both fresh and salted olives. As far as we know, this report is the first to focus on the flavonoid composition of Algerian olive cultivars, particularly after dry salting.
Since olive polyphenols have multiple characteristics, no single assay available provides all of the information desired. For this reason, the evaluation of overall antioxidant capacity may require multiple assays. Hence, this work aims also to use three methods (FRAP, ORAC and β-carotene bleaching) based on different mechanisms to estimate the antioxidant capacity of both fresh and salted olives.
MATERIALS AND METHODS

Olive samples
Five black olive cultivars (Azeradj, Bouchouk, Abelout, Aberkane and Atefah) harvested at the fully ripe stage were hand-picked from different parts of olive trees in the Bejaia location (north of Algeria), in December, 2010.
Processing of olive samples
The collected olives (at least 2 Kg) were treated with alternating layers of dry salt (0.8 Kg), in baskets, and kept at room temperature for 30 to 50 days depending on the cultivar (Panagou, 2006) . The salting caused dehydration and the olives appeared shriveled. The fresh and salted olive pulps were freeze-dried (Christ, Alpha 1-4 LDplus, Osterode am Harz, Germany), then ground in an electric blender (IKA model A 11 B, Staufen, Germany) and stored at −18 °C until analysis.
Extract preparation
Freeze dried olive pulp (100 mg) was homogenized with 10 mL of 50% acetone. After stirring for 30 min, the mixture was centrifuged (nüve NF 200, Ankara, Turkey) at 2800x g for 20 min. The supernatant was collected and filtered, and the residue was re-extracted. The filtered extracts were combined, washed with hexane (5×10 mL), and then kept in the refrigerator until analysis (McDonald et al., 2001) .
Flavonoid analysis
Total flavonoids
Total flavonoid contents were determined according to the procedure of Kim et al. (2003) . An aliquot of sample (200µL) was mixed with distillated water (800 µL). A volume of 60 µL of 5% NaNO 2 was added to the flask. After 5 min, 60 µL of 10% AlCl 3 were added. At 6 min, 40 µL of NaOH (1 M) were added to the mixture. Immediately, the contents of the reaction flask were diluted with the addition of 480 µL of water and thoroughly mixed. Absorbance of the mixture was measured at 510 nm. Catechin was used as standard and the amount of flavonoids was calculated as milligrams of catechin equivalents (CE) per 100 g of dry weight.
Individual flavonoids
Non-anthocyanin compounds
The preparation of extracts was based on the methodology proposed by Sánchez et al. (2013) . Freeze dried olive pulp (1 g) was homogenized with 6 mL of dimethylsulfoxide (DMSO).
After stirring for 2 min, the mixture was centrifuged at 28000×g for 6 min at 22 °C; the supernatant was collected and filtered through a 0.22 μm nylon filter. An aliquot of filtrate (250 µL) was diluted with 500 µL of DMSO and 250 µL of 0.2 mM syringic acid (internal standard). A volume of this mixture (20 μL) was injected for HPLC analysis; a flow rate of 1 mL·min −1 and a temperature of 35 °C were used. The HPLC system consisted of a Waters 717 plus autosampler, a Waters 600 E pump, a Waters column heater module, and a Waters 996 photodiode array detector operated with Empower software (Waters Inc). A 25 cm×4.6 mm i.d., 5 μm, Spherisorb ODS-2 (Waters Inc.) column was used. The separation was achieved by gradient elution using an initial composition of 90% water (pH 2.5 adjusted with 0.15% phosphoric acid) and 10% methanol. The concentration of the latter solvent was increased to 30% in 10 min and maintained for 20 min. Subsequently, the methanol percentage was raised to 40% in 10 min, which was maintained for 5 min. Finally, the methanol concentration for the last three steps was increased to 60, 70, and 100% in 5 min periods. Initial conditions were reached in 15 min. Chromatograms were recorded at 280 nm (Romero et al., 2002b) . The concentration of each compound was calculated using a standard curve. Luteolin 7-O-glucoside and rutin were purchased from Extrasynthese SA (Lyon Nord, Genay, France).
Anthocyanin compounds
Extraction was based on the methodology proposed by Romero et al. (2002a) . Anthocyanins were extracted from 4 g of freeze-dried olive pulp using 6×30 mL of methanol:hydrochloric acid (99:1, V/V) at 0 °C. The mixture was stirred for 1 min then centrifuged at 9000 g during 6 min (10 °C). A volume of 20 mL of a solution (water:hydrochloric acid 99/1, V/V) was added to the methanolic extract which was then concentrated under vacuum at 30 °C until water residue then transferred to a 25 mL flask with acidified water. A washing step with 4×50 mL of hexane was carried out to remove the fat from the extract. Finally, the extract was filtered through a 0.22 µm filter and injected into HPLC.
The HPLC system consisted of a Waters 2695 Alliance with a pump, column heater, and autosampler modules included-Detection was carried out with a Waters 996 photodiode array detector. The system was controlled with Millennium software (Waters Inc., Milford, MA) A 25 cm×4.6 mm i.d., 5-μm Extrasil ODS-2 (Technokroma, Barcelona, Spain) column was used and the elution conditions were as follows: flow rate=1 mL·min -1 ; column temperature 40 °C, sample temperature 10 °C, solvent A, water with 1% perchloric acid, solvent B, methanol. The mobile phase consisted initially of 80% of A; using a linear gradient, the concentration of methanol was increased to 50% over 35 min, to 98% at 40 min, held for 2 min at 98% of B to wash the column, and then returned to the initial conditions (20% of B) for 10 min. Chromatograms were recorded at 520 nm. The evaluation of each anthocyanin compound was performed using a four-point regression curve obtained using the available standards; cyanindin-3-O-glucoside and cyanidin-3-Orutinoside were purchased from Extrasynthese S.A. (Lyon Nord, Genay, France).
Antioxidant activity
FRAP assay
The ferric reducing antioxidant power (FRAP) was applied as described by Benzie and Strain (1996) . A volume of acetate buffer (160 µL) was added to 20 µL of sample. The mixture was placed in a well plate and put in the spectrophotometer (Thermo Scientific, Madrid, Spain) at 37 °C, then mixed during 2min. After that, 40 µL of FeCl 3 (10 mM) and 40 µL of 2,4,6-tripyridyl-s-triazine TPTZ (33%) were added, and the absorbance was recorded at 593 nm after 10 min. The results were calculated and related to a Fe +2 standard solution tested in parallel and expressed in micromol of FeSO 4 per gram of dry weight (µmol of Fe +2 ·g -1 dw).
Hydrophilic ORAC
The hydrophilic oxygen radical absorbance capacity (ORAC) assay is limited to the measurement of the hydrophilic chain breaking against peroxyl radicals. A further dilution of the olive extract was made with phosphate buffer. A portion of 25 µL of the diluted sample was added to a well in a 48-well microplate. A volume of 180 µL of fluorescein solution (0.45 mg·mL -1 ) and 75 µL of the 2,2′-azobis (2-amidino-propane) dihydrochloride AAPH (60 mg·mL -1 ) were added to the assay mixture. ORAC values were calculated and expressed as micromol of trolox equivalents per gram of dry weight (µmol of TE·g -1 dw) (Prior et al., 2003) .
β-Carotene bleaching assay
Antioxidant activity was estimated according to the procedure described by Velioglu et al. (1998) . A β-carotene solution was prepared in chloroform (0.12 mg·mL -1 ). Next, 3 mL were taken and added to a flask containing 40 mg of linoleic acid in 400 mg of tween 20. The chloroform was removed in a vacuum evaporator, and then 100 mL of hydrogen peroxide (30%) were added. After thorough mixing, 3 mL of the emulsion were added to 0.5 mL of extract (without washing with hexane).
The oxidation of β-carotene emulsion was monitored at 470 nm after incubation at 50 °C (120 min). The antioxidant activity was expressed as percent inhibition relative to the control using the following equation: AA = (R control -R sample )×100/R control Where R control and R sample were the bleaching rates of β-carotene in the reactant mixture without antioxidants and with olive extracts, respectively.
Statistical analysis
Results were expressed as means±standard deviation (SD). The statistical analysis of the data was carried out with STATISTICA 5.5 Fr. Analysis of variance (ANOVA) was performed to estimate the statistically significant differences among the olive samples for each parameter. P values <0.05 were regarded as significant.
RESULTS AND DISCUSSION
Flavonoid analysis
Total flavonoids
The results showed significant differences (P<0.05) in the total flavonoid contents among the studied cultivars (Table 1 ). The total flavonoid concentration of cultivars ranged between a mean value of 872 (Aberkane and Abelout) and 1537 mg CE·100g -1 dw (Azeradj) in fresh olives. These contents are higher than those obtained by Brahmi et al. (2013) who used methanol as the extraction solvent. However, the flavonoid amounts are comprised only between 394 (Abelout) and 1272 mg CE·100 g -1 dw (Azeradj) in salted olives. Consequently, the dry salting caused a decrease in flavonoid contents with a loss rate ranging from 22% (Azeradj) to a mean value of 55% (Abelout and Bouchouk). This decrease can be explained by the diffusion of these compounds under the action of salt and/or their oxidation during salting. Furthermore, the variability of the decrease noted among the studied cultivars can be related to the characteristics of each cultivar such as diameter of fruit, since the decrease is related to the diffusion of such compounds (Bianchi, 2003) . In addition, the difference of the polarity of each flavonoid compound can also influence their diffusion ( Tomás-Barberán and Gil, 2008).
Individual flavonoids
The analysis of the studied cultivars showed considerable quantitative differences (P<0.05) in individual flavonoids (Table 2) . Four flavonoids were identified: rutin, luteolin-7-O-glucoside, cyanidin-3-O-glucoside and cyanidin-3-O-rutinoside. The presence of rutin and luteolin-7-glucoside in olive fruits was always reported (Brenes et al., 1995; Morello et al., 2005; Savarese et al., 2007) except that the fresh olives in the present study did not contain the luteolin-7-glucoside until they were treated. Also, Romero et al. (2002a) identified cyanidin-3-Oglucoside and the cyanidin-3-O-rutinoside as the main pigments in seven natural black olive cultivars.
The amount of rutin in fresh olives varied between 227 (Abelout) and 1857 mg·Kg -1 dw (Azeradj). These contents are similar to those found by Sousa et al. (2014) and Morello et al. (2005) except for the Azeradj cultivar which contain a high concentration. This finding is similar to that reported by Garrido-Fernández et al. (1997) who consider that the flavonoid composition is useful for the biochemical characterization of olive cultivars.
The content of cyanidin-3-glucoside in fresh olives varied from a mean value of 16 (Bouchouk and Atefah) to 2588 mg·Kg -1 dw (Azeradj), whereas, the concentration of cyanidin-3-rutinoside is comprised between 27 (Atefah) and 4358 mg·Kg -1 dw (Azeradj). These amounts are relatively higher than those obtained by Romero et al. (2002a) . The olive cultivars of the present study had the characteristic that the cyanidin-3-glucoside amount is higher than that of cyanidin-3-rutinoside. This could represent a useful tool for a phytochemical characterization of the cultivars.
After processing, we noted a decrease in individual flavonoid contents except for luteolin-7-glucoside. The content of luteolin-7-glucoside ranged from 30 (Abelout) to 370 mg·Kg -1 dw (Azeradj). These amounts are higher than the luteolin content reported by Dimitrios (2006) for Greek-style naturally black olives (25-75 mg·Kg -1 dw), although the rutin content ranged between 24 (Abelout) and 474 mg·Kg -1 dw (Azeradj). Piscopo et al. (2014) reported a decrease in the quercetin amount after the drying of green olives. Also, Brenes et al. (1995) noted that the rutin content of the olive flesh decreased with the alkaline treatment, and practically disappeared after the washing step. In the adopted method, the content of this compound decreased but it did not disappear. This reduction can be attributed to the glycosidic bond breaking during salting.
The obtained results indicate that the effect of dry salting is dependent on the individual flavonoids; it can induce a decrease (rutin) or an increase (luteolin-7-glucoside). This is in agreement with the data reported by Rice-Evans and Packer (2003), since salt can generate sodium adducts from flavonol-3-glucoside (rutin), and consequently, the content of the latter decreases. By contrast, these adducts are not obtained from flavone glucoside (luteolin-7-glucoside).
The dry salting significantly affects (P<0.05) the content of olive pigments: the cyanidin-3-glucoside disappeared, but the cyanidin-3-rutinoside is detected only in three cultivars with concentrations of 7 (Aberkane), 11 (Abelout) and 16 mg/Kg dw (Azeradj). This can be explained by the fact that anthocyanins are water-soluble compounds which diffused from the olive to the surrounding medium during dry salting. These substances can also be either transformed or degraded during processing. According to Garrido-Fernández et al. (1997) , the anthocyanin contents may be strongly influenced by the processing and the cultivar; the total content can decrease to below 50% of its initial value.
The cultivar had a significant effect on the observed changes in the flavonoid composition of studied olives. Among the investigated cultivars, for both fresh and salted olives, Azeradj showed the highest flavonoid levels and even higher than that of other studies on olive cultivars (Morello et al., 2005; Damak et al., 2008) .
Antioxidant activity
FRAP assay
The antioxidant capacity of olive extracts is determined by the ability of the antioxidants to reduce ferric to ferrous iron. The statistical analysis showed significant differences (P<0.05) in the FRAP values of the studied olive cultivars. They varied from 126 (Bouchouk) to 353 μmol of Fe +2 ·g -1 dw (Azeradj) for fresh olives, while these activities ranged between 127 (Bouchouk) and 209 μmol of Fe +2 ·g -1 dw (Azeradj) for salted ones ( Figure.1 ). These data reveal that both fresh and salted olive extracts showed a marked capacity for iron reduction with values higher than those obtained by Ziogas et al. (2010) . The ferric reducing antioxidant power of both fresh and salted olive cultivars decreased in the following order: Azeradj>Abelout=Aberkane>Atefah>Bouchouk. The processing had a significant effect (P<0.05) Table 1 ).
on this activity. Overall, we noted a decrease in ferric reducing capacity except for Bouchouk cultivar, which showed a stable activity. The decrease varied between a mean value of 16% (Abelout and Aberkane) and 41% (Azeradj). This result could be explained by the low contents of flavonoids and/ or other reducing agents in salted olives, since, the antioxidant capacity of flavonoids has been attributed to their electron-donating ability (MoralesSoto et al., 2014) . Also, Prior et al. (2005) , consider that the reducing capacity is related to the degree of hydroxylation which is a characteristic of flavonoid compounds. The present study demonstrated that other factors such as the structure of antioxidant could also influence this activity, since Azeradj cultivar which had the lowest loss rate of flavonoids, lost almost half of its activity, while inverse effect was noted for the Abelout cultivar.
Hydrophilic ORAC (ORACH)
Figure 2 shows significant differences in antioxidant activity among the studied cultivars (P<0.05): ORAC H values ranged between 201 (Bouchouk) and 551 μmol TE·g The obtained results indicate that dry salting had a significant effect on the antioxidant capacity (P<0.05); it leads to a decrease for the studied cultivars except for Bouchouk which showed an increase of 37%. In fact, the loss rate varied from 13 (Aberkane) to 47% (Azeradj). The scavenging effects of fresh olive cultivars against the oxygen radical decreased in the following order: Azeradj > Aberkane > Abelout > Atefah > Bouchouk. After processing, this order changed to the following: Aberkane > Abelout ≥ Bouchouk > Azeradj > Atefah. This variation could be related to the specific changes in phenolic composition of each cultivar after processing, since the ORAC assay cannot be based only on the flavonoids which are effective electron-donors, but also includes the hydrogen donor compounds. On the other hand, the increase noted for Bouchouk cultivar can be explained by the possible synergistic effect between the antioxidant compounds detected after processing.
On the other hand, the results reveal that the cultivar containing high levels of rutin did not show necessarily low ORAC H values. This osbervation is different than that of Ou et al. (2002) . This can be related to the specific antioxidant composition of the olive cultivar and the possible synergistic effect of other antioxidants with rutin in the total ORAC assay.
β-Carotene bleaching assay
The antioxidant activity of olive extracts measured by the bleaching of β-carotene is shown in Figure. 3.The statistical analysis (P<0.05) revealed that the fresh olive extracts showed an inhibition rate which ranged between 32 (Aberkane) and 54% (Bouchouk).
Concerning the treated olives, the inhibition activity varied from 17 (Atefah) to a mean value of 33% (Aberkane and Abelout). Dry salting significantly affected the β-carotene bleaching activity of the studied olives except for the Aberkane cultivar; it induced Table 1 ).
a loss with a rate comprised between 9% (Abelout) and 52% (Atefah). We note that Azeradj cultivar, which showed high values of ORAC and FRAP, had a relatively low inhibition effect of β-carotene oxidation. This can be related to its low content in lipophilic antioxidants, which may play a major role in this activity since the extracts in the β-carotene bleaching assay are not defatted and contain both lipophilic and hydrophilic antioxidants. This observation is similar to that of Alu'datt et al. (2013) who demonstrated that full-fat olive extracts had higher antioxidant activity than de-fatted extracts. Because multiple reaction characteristics and mechanisms are likely involved, each method only provides an estimate of antioxidant capacity which is subjective to its conditions and reagents.
Relationship between flavonoid contents and antioxidant activity
The statistical study showed that the correlation coefficient did not depend only on the applied method, but, also on the olive processing, which significantly affected its composition (Table 3) . A good correlation was obtained between total flavonoid contents and FRAP, thus reflecting the role of such compounds as reducers of iron. This observation is in accordance with that of Du et al. (2009) .
The present study also demonstrated that the correlation between the total flavonoid contents and ORAC of fresh olives is characterized by higher coefficients than those of salted ones. This can signify that ORAC method is dependent on the flavonoid concentration since a considerable loss in these compounds occured after processing. On the other hand, a low correlation was noted between the analyzed compounds (individual flavonoids and total flavonols) and the β-carotene bleaching activity. These results are in agreement with those obtained by Rufino et al. (2010) who did not find any correlation between antioxidant compounds and β-carotene bleaching activity. This can reflect the contribution of other compounds rather than flavonoids to this antioxidant capacity and/or variations in the efficiency of individual olive phenolics or in combination.
The comparison of the antioxidant assays used revealed a good correlation between FRAP and Lut-7-gluc: luteoline-7-glucoside, Cy-3-gluc: Cyanidin-3-glucoside, Cy-3-rut: Cyanidin-3-rutinoside.
ORAC in fresh olives (r=0.82), but only a slight one was noted between the same assays in salted olives (r=0.17). This can be explained by the different antioxidant compositions, since salting had an impact on these compounds and not all antioxidants can act as hydrogen donors or as iron reducers. In addition, the possibility of a synergistic effect among the antioxidants of fresh olives may explain the high antioxidant activity coefficient of the olive extracts. Among the antioxidant activity methods used, the FRAP assay was highly correlated with each flavonoid identified in fresh or salted olives, although β-carotene bleaching activity appears to be more correlated with luteoline-7-glucoside contents.
CONCLUSION
In the present study, we evaluated the effect of dry salting on the flavonoid profile and antioxidant activity of five Algerian olive cultivars. We demonstrated that the changes in these compounds and antioxidant capacity occurring after processing depend on the cultivar. The HPLC analysis of the extracts revealed the presence of four flavonoids: rutin, luteolin-7-glucoside, cyanidin-3-glucoside and cyanidin-3-rutinoside. Among the antioxidant activity assays used, a good correlation was noted between FRAP and total flavonoid contents, indicating that these compounds could be among the main constituents responsible for the reducing ability of olives. An inclusive evaluation of all possible antioxidant activities would require a combination of several methods since varying results are obtained. This study supplied new information on the antioxidant capacity of olives for consumers and nutritionists, especially with this kind of process. In this work, we focused on hydrophilic extracts, although lipophilic components would be necessary to complete the data presented here.
